A series of MgAl-layered double hydroxide (MgAl-HT), the calcined form at was determined by using the same catalyst for five times, where the product % yield was almost unchanged significantly.
Introduction
The fine chemical industry has experienced remarkable interest over the past few years due to the high requirements for products like pharmaceuticals, pesticides, fragrances, flavorings and food additives [1] .
The classical methods for the c-c coupling in Henry reaction using soluble bases such as alkali metal hydroxides, carbonates, bicarbonates, alkoxides, alkaline earth metal hydroxide, and aluminium ethoxides, complexes, and also organic bases such as primary, secondary and tertiary amines usually resulted in dehydrated products [2] . Therefore, careful control of the basic properties of the reaction medium is vital to obtain better yields of β-nitroalcohols. However, the efforts done by the researchers in the literature required longer reaction times and produce moderate yields [3, 4] . The stoichiometric organic synthesis that largely applied so far resulted in large quantities of inorganic salts as byproducts; the disposal of such material causes a serious problem due to the important environmental issues [5] . The homogenous catalytic methodologies reported in the literature have many disadvantages, such as disposal of waste and difficulty to be recovered the catalyst from the products. In the last decade, there were notable improvements in the development of heterogeneous catalyst for Henry reaction [6] .
The extraordinary growth in the struggle in the industry has pushed the researchers to advance more effective catalytic processes in the synthesis of fine chemicals. The products of the Henry reaction, that representing C-C bond formation, are significant materials widely used in numerous organic syntheses [7] .
The supreme challenge in the selective synthesis of 2-nitroalkanols in the multiple product options such as aldol olefin and its polymer and Cannizaro products is the selection of the accurate kind of base [8] . Noteworthy developments to the Henry reaction have been achieved by using silyl nitronates in the existence of fluoride ion or instead α-α doubly deprotonated primary nitroalkanes [9] . Both of these processes have showed to be valuable for the stereo selective preparation of vicinal amino alcohols under drastic conditions, which reduced diastereoselectivity with aromatic aldehydes. Hence to obtain better yields and diastereoselectivity of 2-nitroalcohols, it was necessary to develop new procedures employing heterogeneous catalysts with basic character.
Heterogeneous catalysis induced by solid catalysts such as basic alumina [11] , alumina-KF [12] and homogeneous phase transfer catalysis with surfactants [13] in bi-phase system, the two divergent approaches being explored are aimed at achieving higher atom selectivity. The solid base catalysts provide an alternative to the classical soluble bases with emphasize to avoid the environmental problems caused by salt formation and hazardous conditions [14] . Previous wok in the synthesis of fine chemicals using layered double hydroxides revealed the importance of such materials and discovered its environmentally favorable routes in comparison to the other catalysts [15] [16] [17] [18] [19] [20] .
In the present study MgAl-layered double hydroxide, its calcined form at 500 o C (MgAlOx) and the re-hydrated form (MgAl-HT-RH) were synthesized and tested for Henry reaction between nitroalkanes and different aldehydes. To the author's knowledge, this is the second trial after pioneering work by V. J. Bulbule et al. [21] . However, the present study should be the first extensive study to understand the effect of mesoporous and basic nature of such catalysts in Henry reaction under the reaction conditions. The obtained promising results could open the gate towards a robust catalyst and a benign process in Henry reaction
Results and Discussion

Elemental chemical analysis (ICP)
ICP analysis of MgAl-HT was achieved to govern its chemical composition. The analysis discovered that the Mg/Al molar ratio in the solid was 2.8, which is very near to the minimal molar composition of the as-synthesized Mg/Al molar ratio of 3 in the precipitate. This result confirmed the efficacy of the preparation procedure.
X-ray diffraction (XRD)
X-ray powder diffraction patterns of the as-synthesized MgAl-HT, thermally treated [22] . Thanks to the memory effect the hydration of the calcined materials using aqueous alkaline solution of NaOH led to the formation of layered double hydroxide-like structure of lower intensity than the original MgAl-HT material. In the present study we intended to hydrate the calcined material is aqueous alkaline solution to maintain the structure of layered material and improve its basic nature by introduction of some terminal hydroxyl ions (BrÖnsted basic sites) [23] . The crystallite size derived from Scherrer equation [24] showed that Mg-Al-HT-RH is much lower in size (20 nm) than MgAl-HT (160 nm).
The pronounced decrease in the crystallite size of the re-hydrated layered double hydroxide structure could improve the catalytic performance towards Henry reaction. MgAl-HT-RH Figure 1 . XRD patterns of all the investigated catalysts.
Scanning electron microscopy (SEM)
SEM images of all the investigated catalysts are given in Figure 2 anions and thermal decomposition of the hydroxide carbonate into the corresponding metal oxides (MgAlO x ) ( Fig. 2 :C) [22] . Alkaline treatment of the mixed oxide led to build the interlayer gallery between hexagonal platelets of relatively small particle size (20nm) for MgAl-HT-RH ( Fig. 2: B) . 
N2 Physisorption
N 2 adsorption/desorption isotherms of all the synthesized materials are given in Fig.   3 . Mesoporous isotherms of Type IV were detected. H3-hysteresis was recorded, which is characteristic for the occurrence of open relatively large pores that could facilitate reactants/products diffusion through the catalysts [15] . BET-surface area of all the investigated solid materials was calculated and depicted in Table 1 
CO 2 -Temperature programmed desorption (CO 2 -TPD)
The measure of the basicity of the different solids was attained by TPD of CO2. It is well known that types of basic sites could be detected by CO 2 uptake, which is related to different types of carbonate coordination in the interlayer space of layered double hydroxide. The mono-dentate, bi-dentate and bicarbonate anions often fashioned through the saturation of CO2 to the basic materials [27] . Mono-dentate and bi-dentate carbonate creation contains low-coordination oxygen anions and are therefore considered as strong basic sites and the creation of bicarbonate anions involves surface hydroxyl groups [28] . The MgAl-HT sample displayed four desorption peaks of relatively low intensity. The low temperature peaks in the range 150
• C-400
• C could be attributed to the desorption of weakly confined CO 2 and breakdown of remaining carbonate ions existing in the MgAl-HT sample [29] . The other two desorption peaks at 450
• C and 665 All the structures of the isolated products 3a-e and 4a-j were elucidated using IR, 1 H NMR, 13 C NMR, and MS analyses. The IR showed a characteristic band for OH group for 3a-e products, which was not recorded for products (4a-j). The mass spectra of the isolated products showed peaks corresponding to their molecular ions.
The catalytic reaction using different investigated catalysts were carried out between 1a and 2a under conventional and microwave irradiation and the obtained results are given in Table 2 It is seen from Fig.4 that MgAl-HT-RH displays an effectual activity and higher % yield in comparison to the literature data [21] . The higher activity of this catalyst is due to the high surface area (134 m 
Experimental Section
Reagents
All chemicals used were of analytical grade purchased from Sigma Alderich (Dorset, United Kingdom).
catalyst synthesis
Catalysts were prepared by co-precipitation methods as literature [29] [30] . 
Catalyst characterization
The elemental composition of the synthesized materials was determined by using temperature-programmed desorption is easily performed by ramping the sample temperature at 10°C/minute to 800°C.
Characterization of reaction products
All melting points of the reaction products were measured on a Gallenkamp melting point apparatus and are uncorrected. 3.5 Typical procedure for the catalytic test reaction.
Method A: conventional method
A mixture of aldehydes 2a-e (10 mmol), nitroalkanes 1a-c (10mmol) and 0.2 g of catalyst were heated together in a three-necked round bottomed flak at 90 o C. The progress of the reaction was monitored by TLC. upon completion of the reaction, the mixture was cooled and the product was extracted by dissolution in hot alcohol.
The catalyst was filtered off and washed by alcohol prior to drying and re-use. After evaporation of volatile materials under vacuum, compounds 3a-e and 4a-j were recrystallized from EtOH/DMF mixture.
Method B: microwave irradiation
A mixture of aldehydes 2a-e (10 mmol), nitroalkanes 1a-c (10mmol) and 0.2 g of catalyst were added in a Teflon vial and irradiated by microwave (300W) for a required time to complete the reaction (Table 3 ) in a 2 minutes interval. The reaction progress was monitored using TLC (eluent; Diethyl ether: chloroform). Then the product mixture was cooled and extracted using ethanol. The catalyst was filtered off and the product compounds were purified by crystallization using EtOH/DMF solvent mixture to afford the pure crude β-nitroalcoohls 3a-e and the nitrolakenes 4a-j in an excellent yield.
Physical and spectral data of the titled compounds 3a-e and 4a-j are listed below 
Conclusions
In brief, we reported Henry reaction between benzaldehyde and nitromethane over solid base catalysts. MgAl-HT-RH catalyst gave a precious advantage over all other solid base catalysts utilizing conventional or microwave assisted reaction conditions. Microwave irradiation technique introduced high yields of β-alcohol derivatives using the layered double hydroxide catalysts in very short time.
Relatively large surface area, mesoporous nature and strong basic sites of rehydrated catalyst (MgAl-HT-RH) were responsible for the power of catalytic activity. The catalyst was reusable and its activity could be sustained after five catalytic cycles.
